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^ '■ ABSTRACT 

O I We present the results of a baryonic Tully-Fisher relation (BTFR) study for a 

^ I local sample of relatively isolated disk galaxies. We derive a BTFR with a slope 

"■q^I near 3 measured over about 4 dex in baryon mass for our combined H i and bright 

Q I spiral disk samples. This BTFR is significantly flatter and has less scatter than 

^ I the TFR (stellar mass only) with its slope near 4 reported for other samples and 

I studies. A BTFR slope near 3 is in better agreement with the expected slope 

I from simple ACDM cosmological simulations that include both stellar and gas 

^ I baryons. The scatter in the TFR/BTFR appears to depend on W2o- galaxies that 

ijD [ rotate slower have more scatter. The atomic gas-to-stars ratio shows a break 

^ I near W20 = 250 km s^^ probably associated with a change in star formation 

I efficiency. In contrast the absence of such a break in the BTFR suggests that this 

' relation was probably set at the main epoch of baryon dissipation rather than as 

I a product of later galactic evolution. 

, ^ ■ Subject headings: cosmology: observations — dark matter — galaxies: evolution 

^ ' — galaxies: formation 

1. Introduction 

The baryonic Tully-Fisher relation ( BTFR) for disk galaxies relates the total baryon disk 



mass to the disk rotational velocity [e.g., lFreemanlll999l : iMcGaugh et al.ll2000l : iBell fc de Jong 



2OOII ). It has long been recognized that the (luminous) TFR implies a coupling between the 
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luminous and dark comp onents of dis k galaxies {e.g., iPierce fc Tullylll992[ ). Simple cosmo- 



logical arguments {e.g., IWhitd 119971 ) predict that the slope of the BTFR should be close 



to 3. In this approach, the galaxy mass is calculated within its virial radius, taken to be 
the radius r2oo within which the mean baryon mass surface density is 200 times the crit- 
ical density of the universe. In its simplest form, the dark halo is modeled as a singular 
isothermal sphere with a density distribution p(r) = V^^/(47rG'r^). The only dimensional 
parameter is the rotational velocity V. It follows that r2oo = where H^is the 

Hubble constant, and the halo mass within r2oo is -^raoohaio ~ ^^/(lOGi^o)- If some frac- 
tion /d of the halo mass is in the form of gas which becomes the exponential disk of the 
galaxy, then Mdisk = /d^^/(10G'ifo )• We would then expect a BTFR with a slope of 3. 
In this argument, the virial radius within which the mass was estimated is not a structural 
scalelength of the system in the sense of the scalelength of an exponential disk: it depends 
on the rotational velocity. This predicted BTFR slope near 3 is also seen in se mi-analytic 
and nu i nerical simulations of g alaxy formation within the ACDM framework : seelMo fc Mao 
feoooh : Ivan den BoschI ( l200ol ): iNavarro fc Steinmetzl J2000h : iKravtsov et"aD hm^ . 



In reality, it appears that the rotational velocity V of disk galaxies depends on the grav- 
itational fields of both the baryons and the dark matter. V is affected by the structure of the 
dark matter halo, the initial angular momenta of the baryons and dark matter, the structural 
evolution of the baryons and the adiabatic compression of the halo by the disk. The stellar 
and gas baryon masses are affected by baryon loss via winds and other feedback processes, 
the star formation efficiency and history, all of which vary, possibly in a systematic way, 
with galaxy mass and environment. Therefore, the slope, zero-point and possible departures 
from linearity of the BTFR should be sensitive to the many evolutionary processes that go 
on during galaxy formation from the main epoch of hierarchical assembly until the present 
time. We should stress that all empirical TF/BTFR studies suffer from the caveat that there 
is no way yet to measure the rotational velocity at the virial ra dius, which may be la rger or 
smaller than the velocity inferred from measurements (e.g. iBattaglia et al.ll2005l ). Also, 
the baryonic mass may or may not be proportional to the virial mass. 

In this paper we derive the TFR and BTFR for a sample of relatively isolated disk 
galaxies covering a large range in mass and rotational velocity. Our rotational velocity 
measure is the width W at twenty percent of the peak of the integrated H i profile. In §2 we 
describe the two samples of galaxies used in this study. In §3 we present the observations 
and data reduction, and in §4 outline the method of our analysis. §5 contains the results of 
the observed and derived quantities. In §6 our empirical disk scaling relations are presented 
and some astrophysical implications are discussed. In §7, we conclude with a summary of 
the main results of this study. The Appendix includes an overview of the results of similar 
studies by other authors along with some discussion. 



- 3 - 



2. The Sample Selection 



We use two local (D < 130 Mpc) field galaxy samples for our BTFR analysis: (i) the 
Sakai et al. (2000) galaxies with Cepheid distances for the bright end of the relations; (ii) 
our new Hi Parkes All Sky Sur vey (HIPASS) samp le of faint Hi-selected galaxies. This 
second sample selected from the iKilborn et al.l (|2002[ ) and iKoribalski et al.l (120041 ) catalogs 
was re-observed and contains faint gas-rich galaxies with the following selection rules: (1) 
none appears to be interacting; (2) absolute magnitude brighter than My = —12.5; (3) 
W20 < 290 km s~^, in order to overlap with the bright end of the TF relation defined by 
the Sakai sample; (4) inclination > 40° (except one), to reduce errors in our derived velocity 
widths from correcting for inclination; (5) galactic latitude |&| > 20° (except one); (6) optical 
diameter < 2' to allow single-pointing imaging in if-band with the CASPIR system on the 
ANU 2.3-m telescope. 

Because the HIPASS positions are imprecise, all optical IDs of our HIPASS sources 
were verified by Ha spectroscopy with the ANU Dual Beam Spectrograph on the 2.3-m 
telescope. The spectroscopic observations showed that all the HIPASS sources were correctly 
identified with the optical counterpart in the NASA Extragalactic Database (NED) except 
HIPASS J1112-86 that is misidentified in NED as the background galaxy ESO007-G004. 



3. Observations and Data Reduction 

The HIPASS catalog was our source for the H i selected sample according to the selection 
rules of §2. However, the HIPASS correlator (with 1024 channels and 64 MHz band width) 



provided a relatively poor velocity resolution of about 18 km s~^ ( iBarnes et al.l 1200 ll ) which 
for a TF/BTF study of faint galaxies with line widths as low as 40 km s~^ was less 
than ideal. Therefore new Hi observations were obtained with higher velocity resolution 
for our selected HIPASS galaxies, re-observed with the Parkes 64-m telescope with pointed 
observations and the narrow-band correlator (1024 channels and 8 MHz bandwidth) that 
offers a velocity resolution of about 6.6 km s~^ after processing. Given that the intrinsic Hi 
velocity dispersions within galaxies (~ 6 - 8 km s~^ ) are comparable to the spectral resolution 
of the HIPASS 8 MHz system, the system was well suited to our needs. 

The noise (A^) in the H i spectra depend on the resolution and integration time as 

1 

where Au is the observed frequency resolution and t is the observing time, so we increased 
the S/N at the higher resolution by combining several individual observations with 24 cycles 



N^77^^, (1) 
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of 5 seconds of integration per beam. This gave a total on-source integration time of 14 
minutes for the 7 inner HIPASS beams. We combined multiple observations for all our 
galaxies (except IC 5028) for which the total on-source integration time typically exceeds 30 
minutes, typically with a S/A^ ~ 10 in peak Hi flux. 

The individual H i observations were processed through the on-hne reduction code LIVE- 
DATA and multiple data sets for a common source are gridded and combined using the 
program GRIDZILLA, cither at the telescope or post-processed. The MIRIAD package was 
used for all subsequent H i data analysis. The MIRIAD task mbspect was used to produce 
and measure parameters of the Hi spectra including the integrated flux, the systemic ve- 
locity and the W20 velocity width. The Hi spectra were separated from several sources of 
interference both at the telescope and by post-processing. For example, solar interference 
that occurred during day-time observations generated baseline distortions which were re- 
moved with the MIRIAD task mbspect which uses an algorithm that minimizes the mean 
absolute deviation of the flux-weighted velocities. Tests were performed to determine if the 
measured velocity widths varied with the degree of banning smoothing, a parameter that is 
set in mbspect. 

Our method for estimating the stellar mass from the hght of galaxies used V- and 
if-band photometric measurements, typically extending over three disk scale lengths. The 
V-band observations for our Hi selected sample were made with the ANU 1-m and 2.3-m 
telescopes on several nights between 29.03.2001 and 24.06.2003 using two different detectors, 
the 8K X 8K WFI and the single 2K x 2K imager CCD. The WFl conflguration used at the 
f/8 Cassegrain focus of the 1-m telescope has 8 4K x 2K 3-side buttablc CCDs arranged 
in a 2 X 4 mosaic, with 15 micron pixels and a scale of 0.38 arcsec per pixel. The field of 
view is 1.2 degrees along the diagonal. We also used the single 2K x 2K thinned CCD at 
the same focus; it has 24 micron pixels, a scale of 0.6 arcsec per pixel and a field of view 
of 0.34 degrees along a side. Some F-band images were taken at the Nasmyth focus of the 
2.3-m telescope, using the Imager focal reducer and a IK x IK CCD with 24 micron pixels, 
a scale of 0.59 arcsec per pixel and a circular field of view of 6.6 arcmin diameter. 

The near-IR if-band observations used the ANU Cryogenic Array Spectrometer/Imager 
(CASPIR) on the 2.3m telescope on several nights between 05.02.2001 and 08.11.2003. The 
observations were made at the Cassegrain f/18 focus, using a single 256 x 256 InSb detector 
array with a field of view of 2 arcmin x 2 arcmin and 30 micron pixels at 0.5 arcsec per 
pixel. The total on-source integration time for all our H i selected galaxies typically exceeded 
30 minutes for both the V and if-bands so that for some of our LSB dwarfs we reached as 
deep as 26.5 mag arcsec"^ in the F-band. 

The standard packages of IRAF were used to reduce our l/-band data. The Individ- 
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ual processed galaxy frames that were dithered during the observations were registered by 
measuring the positions of common stars in each frame. We removed any residual intensity 
offsets with imsurf it before combining frames. A plane surface was fitte d to the s ky: in 
most flat (constant) sky level gave the best sky fit. We use the iGrahamI (119821 ) 

standards to derive the V^-band zero-points, typically accurate to 0.04 magnitudes. 

The near-IR observations included sequences of science and sky frames and the reduction 
was carried out with the CASPIR package in IRAF. All the CASPIR frames were linearized 
except the biases and darks. A normalized flat frame was produced each night and all 
linearized galaxy, sky, and IRIS standard star frames that were observed on the same night 
were divided by this normalized fiat. Our H-hand zeropoints are typically accurate to 0.05 
magnitudes. The \^-band galaxy frames were geometrically transformed to match the pixel 
scale and orientation of the corresponding if-band frame using the IRAF tasks geomap and 
geotran. 

Surface photometry measurements were made on the processed galaxy images. We used 
the IRAF task ellipse to fit isophotal ellipses to the pixel intensity distribution for each 
galaxy to determine extrapolated magnitudes, scalelen gths, ellipticities and colors. The 
ellipse algorithm is described in iJedrzejewskil (jl987l ). Usually the ^-band data has a 
higher signal-to-noise. Therefore in all cases except one the isophotal fits were first made 
on the combined l^-band image and then the defined apertures (ellipses) applied to the 
equivalent combined if-band image. Ellipse was run with the center of the first ellipse set 
to coincide with the geometric center of the galaxy. The position angle and ellipticities of 
the isophotes were then allowed to vary, keeping the centre fixed, and the isophotes were 
examined with the IRAF task isoimap. This is to confirm that the outer isophotes indeed 
encompass the fainter parts of the galaxy in both the H and y-bands. We adopted pure 
exponential disk models for all our galaxies and excluded the inner few data points that 
in some cases may include a small bar or bulge component. For the literature sample we 
used published magnitude growth curves that model the galaxy light distributions as pure 
exponential disk systems. The integrated magnitudes and surface brightness profiles w ere 
corrected for galactic extinction using the extinction prescription of ISchlegel et al.l (llQQSf ). 



The \^-band isophotal ellipticities provide a good estimate of inclination ( iMacri et al. 



2000l ) . For our H i sample we used the mean ellipticity of the three outermost fitted isophotes 
from the V^-band images, and adopted an intrinsic minor-to-major axis ratio go = 0.20. Our 
inclinations were derived using cos^z = [{b/a)'^ — qo^]/{l — qo^) where b/a is the isophotal 
minor-to-major axis ratio with formal inc lination errors of typically 3 degrees. The axis 
ratio values for the Sakai galaxies are from ISakai et al.l ( 120001 ) . 



Errors in the apparent magnitudes, integrated Hi fiuxes, inclinations, W20, distances. 
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[Fe/H], and gas masses were propagated analytically from the errors in the observations, using 



conven tional techniques. More details of the error analysis are described in lGurovich fc Freeman 
fl2007h . 



4. Methodology 



We first calculat e our T F and BTF relations using the stellar M-jL adopted directly 
from iMcGaugh et al.l (120001 ) which we present in Fig. [31 Then in Fig. H] we present our 
relations with the new stellar M./ L obtained from modelling the stellar population h i storie s 
using the GALAXEV stellar population synthesis (SPS) code of iBruzual fc CharlotI ( 120031 ) . 
described below. 

In summary, features of our TF/BTF study include: (1) distances to galaxies with- 
out primary or secondary dista nces derived from large-scale and Vir gocentric flow models 



Gurovich fc Freeman 



(seejGurovich fc Freemanll2007f ) scaled to Hq = 73 km s ^ Mpc ^; see 

J2OO3) for details. (2) M /L ratio values derived from GALAXEV SPS models (iBruzual fc Chariot 
2OO3I ) using a bottom light IMF (Chabrier) and a star formation rate that decays expo- 
nentially with a timescale constraine d by a t least one color and metallicity derived from 
the metallicity-luminosity relation of Mated ( 1l998h : (3) Hi observations of the Hi-selected 
galaxies with the 64-m Parkes narrow-band system; (4) detailed Monte Carlo propagation 
of errors in observe d quantities through the enti re process t o determine ou r bary on mass er- 
rors as described in lGurovich fc FreemanI (120071 ): (5) use of ISchlegel et al.l (119981 ) extinction 
values. 

The stellar masses are de termined for each galaxy with a Monte Carlo implementation of 



the IBruzual &: CharlotI (120031 ) stellar population synthesis (SPS) code. The IBruzual &: Chariot 



(I2OO3I ) code evolves the stellar population history of a single gas cloud of uniform metallicity. 
Our goal is to estimate the A4/L values (and errors) for all galaxies, constraining them with 
the observed colors and adopted metallicities. The color and metallicity values also have 
known errors and so for each galaxy we run a set of SPS models, choosing the color and 
metallicity from the gaussian adopted probability distributions associated with the errors. 
This generates a probability distribution of A^/L values for each galaxy. We choose the 
age {i.e., the lapsed time since star formation began) that reproduces the observed galaxy 
colors, restricting them to be between 8 and 13.75 Gyrs to be consist ent with the observed 
ages of the old disk stars in Local Group galaxies (e.g., lMatedll998l ). The metallicity for 



each galaxy is adopted from the literature (when availab le) , or d eterra ined by interpolating 
a weighte d bivariate linear fi t: [Fe/H] = a + bMy, to the iMated (119981 ) L-Z dwarf data with 
FITEXY JPress et al. Ill992h . Fig. □ shows the Mateo L-Z data with weighted fit that we use 
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to estimate the error in our interpolated [Fe/H] values using Equation [2l The (Xab covariance 
term of Equation [2] is negative and similar in magnitude to the sum of the three positive 
terms so the expected error in our metallicity values is small. For each galaxy, the [Fe/H] 
error values are set to be the standard deviation of the [Fe/H] probability distribution for 
the Monte Carlo stellar population synthesis simulations. The errors in our [Fe/H] values 
are calculated from the errors in the My values and from the calculated parameters of the 
fitted L-Z relation, where, a = -3.8, b = -1.7 x 10-\ al = 1.4 x 10"^, = 6.0 x 10"^ 
and (Tab = —9.2 x 10"^, and: 

Fe 

'^[-FF? = ^l + M^^l + &'<v + 2^vaab (2) 



The SFR of our models is: ipit) = 1[Mq + eA^pQ(t)]r-^ exp(-t/r), where MpQ{t) = 
lA^o[l — exp(— t/r)] — A^stars ~ -^remnants mass of gas processed into stars and 

returned to the ISM and e is the fraction of this gas allowed to recycle into new star formation. 
In our models, we do not include gas recycling or infall, so we set e = 0. We make this 
simplification because we wish to treat our galaxies uniformly, even though this assumption 
is more likely to be true for dwarfs with shallower potential wells than for spirals. 

Each galaxy is modelled to cover a wide range of possible star formation history with 
a Chabrier IMF and star formation rate (SFR) that decreases exponentially in time. For 
each galaxy we consider star formation histories with different e-folding timescales, selecting 
values between r=0.1 and 14 Gyr. Larger values of r have a nearly constant SFR history 
and smaller r values are close to a single burst history. The observational constraints to the 
BC03 code are the input colors and [Fe/H] values. The errors on colors and [Fe/H] values are 
determined analytically from the o bserved and derived parame ters, and are assumed to have 



gaussian probability distributions (IGurovich fc Freeman! 120071 ). Linear interpolations were 



made over the BC03 output grid of discrete [Fe/H], color, A^/L, and age values, because 
the 'observed' input values usually do not fall on the BC03 grid. To calculate the errors in 
the output Ai/L values at a given r, the simulations for each galaxy were rerun about 100 
times, each time using a new input pair of values for color and [Fe/H] selected from their 
gaussian error distributions. In this way, a distribution of A4/L value was produced for each 
galaxy. The mean of the Ai/L values over all runs, given the age restriction described above, 
is chosen and the Ai/L error is taken to be the standard deviation about the mean of all 
AA./L values at a given r. For each galaxy this process is repeated for the range of r— values, 
as above, and the mean of dl\ Ai/L values is adopted to be our final Ai/L value with error 
given by the standard deviation about the mean of all Ai/L values. 
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The SPS models for our Hi selected galaxies are constrained with {V — H) colors mea- 
sured at the half-light radius because the half-light photometry is more precise than at 
larger radii. The apparent magnitudes and colors are corrected for galactic extinction fol- 



lowing |SclilegeLet_a]J ( 119981 ) and shown in Tab. [71 The V and if-band photometry give two 
partly independent estimates of the stellar mass. The total luminosity of the galaxy in each 
band is derived by extrapolating its radial surface brightness profile, and the stellar mass 
is then estimated using the derived Ai/L values from the SPS simulations. Even though 
the theoretical if-band M./ L values are probably better estimates of the true M./ L values 
because of the added sensitivity towards the older stellar populations and the fact that near- 
IR bands are less effected by extinction, in practice the i7-band surface photometry is not 
as deep, due to the inefficiency of near-IR detectors. Therefore, as a compromise between 
induced photometric errors and SPS model errors, we choose the weighted mean of the stellar 
mass values, calculated using M./L and luminosity values for a minimum of two bands, so 
the adopted disk mass (stellar) is the weighted mean of the V and if-band disk masses. 

Similarly, the stellar mass estimates for the Sakai galaxies are determined by constraining 
the stellar population histories using {V — H) and {V — I) colors and with metallicities 
obtained from the literature, with references shown in Tab. [H The adopted stellar masses 
for these galaxies are taken to be the weighted mean of all four stellar mass estimates except 
for NGC3319 and NGC4548 for which only two M/L values could be calculated. 

The gas (atomic) masses are determined following equations ([3]) and (jl]) to account for 
He and the heavier elements. 

A^Hj = 2.36 X lO^D^Fjji (3) 

where j is in Jy km s~^ and D is in Mpc. 

A^gas = 1-4 X A^jjj. (4) 

Inclusion of the available H2 gas component for 6 of the Sakai galaxies did not have a 
significant effect on the TF/BTFRs; because molecular gas masses are not available for the 
HIPASS sample, we do not include molecular gas in our baryonic masses. 



Results 



The integrated Hi flux values for th e Sakai galaxies are tabulated in Tab. [TJ These 
fluxes are not listed in ISakai et al.l (I2OOOI ) but come from several sources in the literature. 
The weighted mean of the literature values is calcul ated and found to have a typical error of 
25%. The distances to the Sakai galaxies are from ISakai et al.l (120001 ) and the metallicities 
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for the Sakai galaxies are taken from the hterature. Along with the derived gas mass and 
luminosity values, the reference list is presented in Tab. [2l The Won values for the S akai 
galaxies (corrected for inclination and redshift) are from table 2 of ISakai et al.l ( 120001 ) . A 
redshift correction is not included for our other two galaxy samples because the effect on 
W20 is negligible within our redshift range. Tables El |3l [Hand [5] list the derived quantities for 
the Sakai galaxies including the [Fe/H], stellar Ai/Ls, stellar masses, gas-to-star fractions 
and mean baryon mass surface density values (see §6.2p . Tables [6] and [7] list the surface 
photometry measurements for our H i selected galaxies. Other measured and derived optical 
and Hi quantities can be found in Tables [8] and [91 Our Hi flux values are in good agreement 
with the HIPASS literature values, our typical Vheiio errors are about 5 km s~^ and our 
W20 measurements have typical errors between 5 and 10 km s^^ . The baryon mass values 
including gas-to-star ratio and mean baryon mass surface densities are also tabulated in 
Tables [TDl and [TTl and used for our relations in subsequent figures. 

We compare our Ai/L for our two galaxy samples with th e range of modelled A4/L with 
Scaled Salpeter IMF found in table 3 of iBell fc de JongI (120011 ). for which we constrained 297 
and 531 models with our (V" — H) and {V — I) colors. As is evidenced in Fig. [21 ou r Ai/L 
values coincide with the higher probabihty density bins of the [Bell fc de Jong ( 1200 ll ) output 
Ai/L grid (in contours). Our models therefore, which include color, IMF, a ges, and [Fe/H] 
constr aints, produce Ai/L values that are consistent with those adopted by [Bell fc de Jong 
( I2OOII ) in their scaled Salpeter IMF models. The same IMF was used to construct their 
preferred BTFR. We note that systematically higher Ai/L values that could result from a 
different universal IMF scaling will act to steepen a BTFR, since the effect of any differential 
gas-to-star fraction trend with W20 , would be diluted. We explore this effect by scaling our 
modelled Ai/L later in Sec. 18.11 

The errors in the baryon mass values depend on the errors in (i) Ai/L (obtained from 
the stellar population synthesis models), (ii) apparent magnitudes, (iii) Hi fluxes, and (iv) 
flow model distances. The Ai/L errors themselves include errors in the observed colors and 
metallicities; errors from the limitations of the stellar population history models have not 
been included. For galaxies without primary distances, the distance errors are the largest 
fractional error contribution and can provide up to 30% of the total baryon mass error. Next 
are the errors in the A4./L, then the Hi flux errors, and finally the appa rent magnitude errors 
provid e the smallest contribution to the baryon mass error budget. See lGurovich fc Freeman 
(I2OO7I ) for more details. We note that the analysis for the Sakai galaxies shows that the stellar 
masses are only weakly sensitive to the the color constraint chosen, so the chosen color does 
not significantly alter the slope of the BTFR. This is consistent with what is found by 
Bell fc de Jo^ toQlh . 
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6. TF/BTFR 

Our TF/BTFR spans four orders of magnitude in stellar mass, from 1.1 x 10^ to 1.6 x 10^^ 
A^Q. Both the baryon mass a nd the VT^n values have errors, so we determine weighted 



bivariate fits with FITEXY from lPress et al. I (Il992[ ). as well as weighted forward and reverse 



linear least squares fits. We present two version s of the TF/BTFR. Th e first is derived using 



the constant stellar M./ L values directly from iMcGaugh et al.l (120001 ) and the second uses 
our SPS stellar M.jL values: see Figs. [3]&|l]respectively. A comparison can be found in Tab. 
T2l In both cases, separate fits are shown for each sample, and for the combined Sakai and 
H I samples. Qualitatively the fits in both figures are similar. When the H i gas is included, 
the BTFRs become fiatter and the scatter is reduced. Our fits do not change significantly 
whe n we correct our PF^n values for an Hi velocity dispersion of 6 km/s, following equation 



1 of ISwaters et al.l (120031 ) . so we do not correct for the velocity dispersion of the gas. We 
note for comparison that forward and reverse BTFR fits for the Sakai galaxies computed by 
a least squares routine that derives the error in slope from the weighted residuals of data 
points about the fitted line in M. and separately in 14^20 are 2.9 ± 0.3 (forward) and 3.1 ± 0.3 
(reverse) and for the combined sample both the forward and reverse BTFR weighted fits 
are calculated to have slopes of 3.1 ± 0.1. If we remove NGC 1365, the most massive outlier 
galaxy, then the weighted BTF slopes for the Sakai sample alone are 2.7 ± 0.3 (bivariate), 
2.6 ±0.1 (forward) and 2.7 ±0.1 (reverse). The BTFR slopes for the combined sample, with 
or without NGC 1365, are all (bivariate, forward and reverse) calculated to be 3.1 ±0.1. The 
combined sample appears to provide a consistent estimate of the BTFR slope. 

We find that the scatter in the TFR/BTFR is larger for galaxies at lower W^2o and 
compare the scatter in Fig. IHfor galaxies with 1.8 < log (km/s) < 2.2 and 2.4 < log 
1^20 (km/s) < 2.8 by calculating the ratio of the reduced values (defined in the usual 
way) for these two intervals. For the TFR and BTFR the ratios are 2.6 and 1.6 respectively. 

Our Hi selected sample is weakly biased t owards syst e ms of lower W20; which are de- 



tected at a higher S/N for a given Hi fiux. The lSakai et al.l (120001 ) galaxies are mostly large 



nearby, modeled with multiple colors and so are relatively free of systematic effects. 

The accurate Cepheid distances for the Sakai sample lead to a tight stellar mass TFR 
with a slope of 4.3 ± 0.4, using our SPS models. This is similar to the typical if-band 
luminosity TFR slope (4.4 ± 0.3) and confirms that the if-band luminosity is indeed a fair 
measure of the stellar mass in massive disks. The BTFR for the Sakai galaxies is fiatter and 
even tighter than the TFR, with a slope of 3.1 ±0.3 (see Tab. [12]), close to the value expected 
from cosmological arguments. This result, that even for the brighter galaxies, the Hi mass 
fraction increases sufficiently with decreasing W^q to cause the marked flattening between 
the TFR and the BTFR was somewhat surprising and is discussed later in the paper. The 
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BTFR slopes for the Hi selected sample, the Sakai sample, and the two samples together 
are all similar and close to 3. 



6.1. Gas Fraction 

With the stellar mass estimates from our population synthesis analysis and our H i mass 
values, we show in Fig. |5]how the gas-to-stars ratio (rg) defined as gas /-^stars' varies 
with W20- The errors in for the two samples are similar and relatively small because the 
ratios are distance- independent. The large scatter for galaxies with lower W20 appears to be 
real and is presumably a consequence of variable star formation efficienc y. The brigh t er dis k 



galaxies show rapidly decreasing rg values with increasing W20 (see also iGeha et al.l ( l2006l ) . 
The transition from the decreasing rg values for the bright galaxies to the roughly constant 
values for the fainter galaxies occurs near log W20 (km/s) = 2.4. This transition value, which 
appears to mark the change in star formation efficiency, is discussed below. 



6.2. Baryon Surface Density 

At Joe Silk's suggestion, we used the stellar masses from our SPS models to examine 
how the mean baryon mass surface density T,h, depends on W2o- We have only integrated 
Hi masses for our galaxies, and so assume that the Hi in each galaxy has an exponential 
distribution with scalelength equal to the optical scalelength (h). The adopted optical h is 
taken to be the mean of the V and if-band, h fo r the H i selected sa mple an d our re-calculated 



l^-band h values from the brightness profiles of iMacri et al.l ( 120001 ) for the lSakai et al.l (l2000l ) 
galaxies. The mean baryon mass surface density estimator is then Sb = A^baryons/27r/i^. Fig. 
|6] shows that the surface density T,^ has a roughly linear dependence on W20 ■ 

In estimating S;,, we assume that the Hi and light have the same scalelength. However, 
it is likely that the ratio of the Hi size of the galaxy to its optical size increases towards 
fainter systems. This would tend to somewhat steepen the slope of the Sf, — W20 relation. 
To explore this further, we modelled the effect for the sum of two exponential disks: stellar 
and Hi. We assume from Fig. |5]that the stellar and Hi mass values for a given dwarf are 
equal, take the ratio of scalelengths = 7, and the mean surface brightness inside the 

half-light radius to be Re, a parameter commonly used for more general surface brightness 
distributions. Tab. IT3] shows how Re//i* and S;, within Re change with 7. This analysis 
shows that if 7 increases as W20 decreases, then we would get an increase in the slope of 
logSfo vs log 14^20 from ~ 1 to ~ 1.3. 
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7. Summary and Conclusions 



We choose a sample of isolated disk galaxies ranging from faint dwarfs to bright spirals. 
We construct TF and BTF relations and explore the difference between the theoretically 
predicted BTF R slope of 3 arid the TFR slope of 4 obtained by many observers. Regarding 
this difference, Ivan den BoschI (120001 ) argued that "the physics regulating star formation and 
feedback, coupled with the mass dependence of halo densities and stellar populations has 
to tilt the TF relation to its observed slope. The introduction of a stability-related star 
formation threshold density increases the slope of the TF relation Our results are 

entirely consistent with this argument. As W20 decreases, the increasing gas-to-stars ratio 
and decreasing mean baryon mass surface density, possibly associated with a decreasing 
trend in star formation efficiency, generate the "tilt" between the TFR and the BTFR. 

We show the gas-to-stars ratio for our combined sample, and the break at baryon 
masses near 1 x IO^^Mq. Because the BTFR shows no such break, and its slope is close to 
that expected from cosmological arguments, one could argue that the total baryon content 
of isolated disk galaxies (as measured by stellar + Hi mass) has not been much affected 
by galaxy evolution, including star formation history. In this sense, the BTFR would be a 
fundamental relation relating back to the main epoch of galaxy assembly. 

There are some systematic uncertainties which affect any discussion of the BTFR. 
(1) A problem inherent to any TF study is the change in Hi profile shape with W20 
(INoordermeer fc Verheijen 1120071 ) and therefore an uncertainty in how to relate W20 to the 
rotational velocity V across the whole range of W20 values. (2) We have not included ionized 
or molecular gas in the total bary onic masses. The idea of large amounts of mo lecular gas 



in the dwarfs seems unlikely {e.g., iPilyugin et al.ll2004j : iRead fc Trenthanj|2005l ). However 



a larger fraction of ionized undetected baryons in the more massive galaxies would steepen 
the slope of the true BTFR. This ionized (warm) gas in the more massive galaxies {e.g., 
Mailer fc BuUockl |2004J : iFukugita fc Peebles! |2006| ) may turn out to be more significant in 
this respect. 



8. Appendix: Recasting the TFR 



Aaronson fc Mould I (119831 ) were amongst the first to observe a bandpass-dependent 
luminous TFR slope, which has been determi ned to steepen from ~ 3 in the blue to ~ 4 



towards the near-IR {e.g., ISakai et al.ll2000l ). The search was soon on for a band-pass 



independent slope that attempted to include all baryons. In the Appendix, we discuss the 
range of published BTF (gas + stars) slopes available in the literature and we attempt to 
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explain the reason behind some of the discrepancies in these measured values. 



However, the fitted BTF and TF parameters that result from most observational stud- 
ies do not include confidence intervals, determined from robust statistical methods, so the 
task of comparing parameters quantitatively is not attempted here. Instead, our aim is to 
qualitatively compare the various BTF slopes thus far obtained. 

Several approaches have been pursued to recast the luminous (stars only) TF relation 
to one which also includes the gaseous disk mass c omponent. The mos t common is to 



use b aryonic mass instead of stellar luminosity {e.g., iMcGaugh et al.ll2000t iBell fc de Jong 



20011 ). In this approach, the mass of the stars is estimated by using a fixed stellar Ai/L 



McGaugh et al.ll2000t iNoordermeer &: Verheiien Il2007|), or by modelling the luminous 



[e.g. 

component with stellar population synth esis codes, e.g., iBell fc de JongI (l200l[ ). or by using 



mass models to fit rotation curves, {e.g., lMcGaugh|[2005[). Anoth er approach i s to n otionally 



convert the atomic gas to a luminosity {e.g., iFreemaru ( 1l999l ): IVerheijeru (120011 )). Each 
method has its strength and weakness. For example, the assumption of a constant stellar 
M./L is simple, but it is known that the history of star formation is not uniform from one 
galaxy to the next and tha t stellar mass and lum inosity of galaxies are sensitive to stellar 
population history effects (IBell fc de JongI l200ll ). Converting gas to stars again requires 
adoption of an appropriate Ai/L ratio. Mass modelling, on the other hand is only possible 
for those galaxies with well measured (and behaved). Hi rotation curves that extend out to 
large radii. 



8.1. The slippery BTFR slope 



In this section, we briefly discuss the measured BTFR slopes determined by various 
recent authors. Although some studies report slopes closer to 4, the reported slopes are 
mostly in the range 3.1 to 3.7 and most authors find that the BTFR is significantly flatter 
than the the TFR (stars only). At least some of the differences in slope come from different 
methodologies, including use of different kinematic indicators as well as assumptions about 
the stellar population histories used to calculate the M./L ratios. So here, we report on 
some of the results thus far: 



Bell fc de Jong ( l200ll ) use stellar population synthesis models to derive a slope (un- 
weighted) for brighter disk galaxies of 3.51 ± 0.19, and argue that the BTFR slope would be 
even flatter if fainter disks were sub- maximal (as is widely believed). 



In a study of disk galaxies in the Ursa Major cluster, IVerheijenI ( 120011 ) converts gas to 
luminosity and derives a range of BTFR slopes, between 3 and 4 for different gas conversion 
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values A^gas/-Z^K'- He finds that a BTFR slope of 4 gives the least scatter when a constant 
-^gas/-^K' = 1-6 is adopted. This result is based on calculating the reduced values for 
different values of M.^^ILyj. We note however that the reduced values in this analysis 
do not appear to pass through a minir aum, so it is difficult to judge t he significance of 
this result. Moreover, recent results by iNoordermeer fc Verheijen I ( 120071 ). using the more 
common methodology of converting luminosity (K'-band) to baryon mass with a fixed stellar 
M./L, for mostly the same galaxies yield a markedly fiatter BTFR slope of 3.36 ± 0.1 and 
3.04 ± 0.08 when the asymptotic rotational velocity and are respectively used as the 
kinematic rotation value. This appears to be statistically significant and but in itself is a 
selection effect which we discuss towards the end of the paper. 



Kassin et al.l ( 120071 ) on the other hand use a different method that uses a kinematic 
estimator which accounts for disordered or non-circular gas motions. They obtain a 'TFR' 
slope of 3.3 ±0.2 (lower panel of their fig 1) at low z and a fitted 'BTFR' slope slightly fiatter 
than 3. It is noted however that some of their low mass galaxies are classified as disturbed 
or compact systems and that there may be a systematic effect since rotation curves from 
emission line data are likely to be still growing at the last measured point. 



Geha et al.l (120061 ) find an extremely fiat BTFR slope of 1.89 ± 0.08 for their sample of 



SDSS dwar f galaxies. Howev er when combined with brighter samples from the literature that 
include the IVerheijenI (j200l[ ) sample, the t hey find a BTFR slo pe of 3.70 ± 0.15, consistent 
with the BTFR LCDM slope predicted bv iBuUock et al.l (l200l[ ) of 3.4 ± 0.1, similar to that 
found by iRijcke et al.l (120071 ) who obtain a BTFR slope of ~ 3.2 using stellar population 
synthesis modelling to estimate the stellar mass component of their disks. When stellar 
population synthesis models are used to calculate the stellar mass component of galaxies, 
the derived BTFR slopes determined by authors are generally fiatter and typically closer to 
the value of ~ 3 expecte d from ACDM cos mological simulations. However, some authors, 
do find slopes closer to 4. IStark et al.l ( 120091 ) for example use rotation curve data to create a 
BTFR and argue that line widths are not accurate enough. Their sample consists of gas rich 
galaxies of intermediate baryon mass for which the fiat part of the rotation curve is reached. 
They calculat e BTFR slopes tha t are n ot much effected by the chosen stellar population 
model (IMF). iTrachternach et al.l ( 120091 ) obtain a BTFR slope consistent with 4 for a small 
sample of low mass galaxies but given the small baseline in rotational velocity, and that 
many of their rotation curves appear to still be rising at the last measured point, their data 
may also be consistent with a significantly different BTFR slope. 



Meyer et al.l (120081 ) use H i velocity width data and stellar M./ L from stellar population 



synthesis modelling that include M-jL values from Bell & de Jong (2001) as well as a recipe 
for gas mass that includes a molecular contribution. They find a slope near 4 but only for 
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galaxies with maximum rotational velocities > 100 km/s: see their fig. 14. These relatively 
massive galaxies wo uld mostly have H i extending out to the flat part of the rotation curve. 
On the other hand, iMcGauehl J2005h also find a fiat BTFR with slope of 3.37 ± 0.13 with 
stellar population synthesis models, without an additional IMF scaling. However iMcGaugh 
(120051 ) also compute significantly fiatter BTFR slopes for their maximum stellar IMF scaling 
as well as with their maximum disk and their MOND modelled baryon masses and also 
report BTFR slopes ~ 4 (see their tab. 2). 

As mentioned in Sec. E] we e xamine the e ffect that scaling our modelled M./L values 
would have on the BTFR for the ISakai et al.l (l2000l ) galaxies. We find that if we scale our 
M./Lhy 1.5 and 2.0, weighted bivariate fits are produced with reduced = 0.9 that are 
significantly steeper, with slopes: 3.3 ± 0.3 and 3.5 ± 0.3, respectively. Even larger scalings, 
indicative of a significantly different IMF, are unlikely to be real given the agreement as 
shown in Figure [2] between our modelled M./L and those of Bell & de Jong (2001) who 
argue for a universal scaled Salpeter IMF b y taking maximum disk dynamical constraints 



into account. However, some authors {e.g., iMeurer et al.l 120091 ). argue for a non universal 



IMF and that the upper end of the IMF varies systematically with galaxy mass. If true, low 
luminosity galaxies may have less massive stars than high luminosity galaxies and this may 
imply that even more stellar mass is locked up in the dwarf galaxies than we have accounted 
for with our universal Chabrier IMF. This would seem to be partial evidence against the 
large M-jL scalings that produce a steeper BTFR slope. 

Although, some authors prefer to use the flat part of the rotation curve as their velocity 
estimator, rather than choosing galaxies for which the flat part of the rotation curve 
is observable provides a consistent estimate of rotation but it is itself a strong selection 
effect which most low-mass galaxies do not satisfy. Samples of low-mass galaxies for which 
the flat part of the rotation curve is observable are biased towards those for which the Hi 
distribution is more extended relative to the halo scale length r^: i.e. their Hi is intrinsically 
more extended or they have more centrally concentrated halos with relatively smaller scale 
lengths Ts and relatively larger concentration parameters c = Tmr/^s- We can speculate why 
such a bias could tilt the slope of the BTFR towards higher values (~ 4) as observed: for 
example, it is possible that a signiflcant fraction of the hydrogen in these more extended 
low-mass galaxies is ionized by the metagalactic UV fleld. In any case, the existence of this 
selection effect needs to be recognized. 

For the purposes of relating dark matter and baryonic matter via the BTFR, we should 
also ask whether the flat level of the rotation curve Vgat is the right velocity to use ? Vfjat is 
unlikely to be a good estimator of the circular velocity Vvir at the virial radius. We know this 



from basic theory {e.g.., of NFW models) and from the observational work of iBattaglia et al. 
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( 120051 ) for our own Galaxy, which indicates that Vflat > Vvir- Is Vflat any better for estimating 



? 



Vvir than Vjnax of the maximum H i velocity which determines W20 

Even if A^baryons oc Vq^^, how does that relate to the cosmological slope of the A^baryons 
vs Vvir relation ? For example, to reconcile the usual BTFR slope of 4 with the cosmological 
slope of 3, we would need Vflat oc V^i^: i.e., a systematic change in halo structure with 
Vvir- Most lower- mass galaxies have Vmax < Vflat while most higher-mass galaxies have 
Vmax ~ Vflat- This observed trend of Vmax/Vflat could in fact make V^ax {i.e., via W20) a 
more consistent estimator of Vvir than is Vflat- Relating Vmax or Vflat to the Vvir remains 
an unsolved problem, and it is not clear which of Vmax or Vflat is better for our problem of 
relating the BTFR to cosmology. 
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Table 1. The Hi quantities of the ISakai et al.l (120001 ) galaxies 



Galaxy HI Flux (Jykms ^) logW2o(km/s) References 
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74 


± 
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1, 


2,3 
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1, 
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NGC 925 
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42 
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05 


1, 


2,3,4 
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2 


68 
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04 
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50 
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NGC 2403 
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2 


48 
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NGC 2541 
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2 


37 
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2,3 


NGC 3031 
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2 


72 
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3,4,8 


NGC 3198 


238.4 


2 


53 
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2,3,4 


NGC 3319 
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41 
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3, 
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NGC 3351 
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05 


1, 
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NGC 3368 
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Reference s. — fl) iMartiij lll998^: (2) Pilvugin et all ||2004|'): (3) 
Ide'Va ucoul curs et all h992h: ('4') iKennicutt et al. ll2003h: ('51 iKoribalski et al.l 
ll2004h: (6 ) iMathewson fc FordI h996h: (7)~Schroder et all tolll: f8l 
iLang et all 120031 '): ll994l ); (loVlVallei o et al.l 

2005); (11) ?; (12) iHuchtmeier fc Richteil l|l989h : (13) iTifft fc Huchtmeie" 

1990r) 
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Table 2. Photometrically derived quantities of the ISakai et al.l ( l2000l ) galaxies 



Galaxy 


dist. 




M 


gas 




M 


V 








M/ 








Mh 




[Fe/H] 




h 




0.77 ±0.04 


6 


43 


(1 


71)E+09 












-23 


11 ± 





18 


-24 


58 ±0 


11 
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2 
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76) E +09 












-19 
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18 
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06 ±0 
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37 


(2 
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10 
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16 


-20 
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91 ±0 
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3 


84 
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2 
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34 
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11 


-0.32 ±0.20 


8 
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(2 
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44 
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5 


73 
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27 
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14.32 ± 0.79 


5 


63 


(1 


54) E +09 


-19 


72 


± 





14 


-20 


33 ± 





14 


-21 


19 ±0 


13 


-0.90 ±0.15 


4 


66 


NGC 3351 


10.05 ± 0.37 


1 


95 


(0 


51)E+09 


-20 


61 


± 





09 


-21 


64 ± 





09 


-23 


31 ±0 


10 


-0.04 ±0.20 


2 


91 


NGC 3368 


10.96 ±0.51 


3 


24 


(0 


86) E +09 


-21 


31 


± 





12 


-22 


31 ± 





11 


-24 


16 ±0 


11 


-0.08 ±0.10 


3 


34 


NGC 3621 


6.70 ±0.34 


1 


19 


(0 


32)E+10 


-20 


16 


± 





12 


-21 


06 ± 





12 


-22 


59 ±0 


12 


-0.53 ±0.15 


2 


10 


NGC 3627 


10.28 ±0.81 


1 


46 


(0 


43) E +09 


-21 


79 


± 





18 


-22 


66 ± 





18 


-24 


25 ±0 


18 


-0.03 ±0.20 


3 


21 


NGC 4414 


19.14 ±0.88 


8 


20 


(2 


19)E+09 


-21 


60 


± 





11 


-22 


61 ± 





11 


-24 


40 ±0 


11 


-0.08 ±0.15 


3 


28 


NGC 4535 


16.60 ±0.54 


7 


35 


(1 


90) E +09 


-21 


42 


± 





09 


-22 


28 ± 





08 


-23 


47 ±0 


09 


-0.08 ±0.15 


4 


31 


NGC 4536 


15.49 ±0.57 


7 


44 


(1 


94) E +09 


-21 


05 


± 





10 


-21 


95 ± 





13 


-23 


54 ±0 


09 


-0.43 ±0.20 


4 


58 


NGC4548'= 


16.14 ± 1.71 


1 


05 


(0 


34) E +09 


-21 


11 


± 





23 


-22 


17 ± 





23 








0.06 ±0.15 


3 


09 


NGC 4725 


13.00 ±0.48 


6 


16 


(1 


60) E +09 


-21 


91 


± 





09 


-22 


77 ± 





09 


-24 


40 ±0 


10 


-0.36 ±0.15 


5 


39 


NGC 7331 


15.07 ±0.69 


1 


39 


(0 


37)E+10 


-22 


48 


± 





11 


-23 


38 ± 





11 


-25 


41 ±0 


11 


-0.61 ±0.15 


5 


74 



For all 



tables when 
NOTE: 6 



expressed in scientific 

.43 (1.71) E +09 denotes 6. 



notation, errors are in 

43 X 10^ ± 1.71 X lO'' 



braces 



Note. — Column (1) is the galaxy name; Column (2) is the adopted distance (in Mpc); Column (3) is the derived gas 
mass (in Column (4) is the absolute V-band magnitude; Column (5) is the absolute /-band magnitude; Column (6) 

is the absolute _ff-band magnitude; Column (7) is adopted metallicity; Colum n (8) is the calculated scalelength (in kpc) 
determined from the V-band surface brightness p rofiles fromlMa cri et aT I l l200(t) 
Unless indicated all [Fe/H] values calculated from lFerrarese e^an " il200cl) 

''Mv unavailable in lSakai etaO | |200C|) 

''Surface brightness data unavailable in lMacri et al. I l l200d) 
'^Unrehable Mjj in lSakai etal] | |200C|) 
d[Fe/H] from I Allen fc Shankj l l2004h 
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Table 3. Evolutionary stellar population synthesis modelling for the Sakai galaxies from 

{V — I) constrained simulations 



Galaxy (M/Lv) (M/Li) Mstars : ^ Mstars : ^ M^ot^^i : V -MtotaP 



NGC 925 


0, 


.82 


± 


0, 


.29 


0. 


,74 


± 


0. 


,20 


8, 


.33 (3, 


.13)E+09 


6, 


.48(2, 


.42)E+09 


1, 


.77(0, 


.41) E 


+10 


1, 


.58(0. 


,35) E 


+10 


NGC 1365 


1, 


.82 


± 


0, 


.26 


1. 


,34 


± 


0. 


15 


1, 


.45 (0, 


.35)E+11 


1, 


.44 (0, 


.32)E+11 


1. 


.65(0, 


.38) E 


+11 


1, 


.64(0. 


,36) E 


+11 


NGC 1425 


1, 


.45 


± 


0, 


.47 


1. 


14 


± 


0. 


,26 


5, 


.04(1, 


.65)E+10 


4, 


.82(1, 


.17)E+10 


5, 


.94(1, 


.68) E 


+10 


5, 


.73(1. 


,20) E 


+10 


NGC 2090 


1, 


.57 


± 


0, 


.37 


1. 


,20 


± 


0. 


,21 


1, 


.85(0, 


.52)E+10 


1, 


.87(0, 


.38)E+10 


2, 


.47(0, 


.56) E 


+10 


2, 


.49(0. 


,43) E 


+10 


NGC 2403=' 


















































NGC 2541 


0, 


.63 


± 


0, 


.09 


0. 


,62 


± 


0. 


,07 


2, 


,76 (0, 


.48)E+09 


2, 


.57(0, 


.41)E+09 


1, 


,01 (0, 


.20) E 


+10 


9, 


.96(2. 


,02) E 


+09 


NGC 3031=^ 


















































NGC 3198 


0, 


.72 


± 


0, 


.12 


0. 


,68 


± 


0. 


,09 


1, 


.36 (0, 


.25)E+10 


1, 


.34(0, 


.21)E+10 


3, 


.01 (0, 


.50) E 


+10 


2, 


.98(0. 


,48) E 


+10 


NGC 3319'= 


















































NGC 3351 


1, 


.72 


± 


0, 


.59 


1. 


,29 


± 


0. 


,33 


2, 


,77 (0, 


,98)E+10 


2, 


.75(0, 


.73)E+10 


2, 


,97(0, 


.99) E 


+10 


2, 


.95(0. 


,74) E 


+10 


NGC 3368 


1, 


.57 


± 


0, 


.27 


1. 


,22 


± 


0. 


17 


4, 


.83 (0, 


.97)E+10 


4, 


.81 (0, 


.82)E+10 


5, 


.15(0, 


.99) E 


+10 


5, 


.14(0. 


,84) E 


+10 


NGC 3621 


1, 


.16 


± 


0, 


.34 


0. 


,96 


± 


0. 


,21 


1, 


.23 (0, 


.38)E+10 


1, 


.20(0, 


.29)E+10 


2, 


.42(0, 


.53) E 


+10 


2, 


.38(0. 


,46) E 


+10 


NGC 3627 


1, 


.01 




0, 


.19 


0. 


,88 


± 


0. 


,13 


4, 


.84(1, 


.20)E+10 


4, 


.78(1, 


.06)E+10 


4, 


.99(1, 


.22) E 


+10 


4, 


.93(1. 


.07) E 


+10 


NGC 4414 


1, 


.62 


± 


0, 


.28 


1. 


,24 


± 


0. 


15 


6, 


.49(1. 


.28)E+10 


6, 


.47(1, 


.01)E+10 


7. 


.31 (1, 


.34) E 


+10 


7, 


.29(1. 


,08) E 


+10 


NGC 4535 


0, 


.97 




0, 


.17 


0. 


,85 


± 


0. 


12 


3, 


.32(0, 


.62)E+10 


3, 


.28(0, 


.50)E+10 


4, 


.05(0, 


.66) E 


+10 


4, 


.01 (0. 


,55) E 


+10 


NGC 4536 


1, 


.11 


± 


0, 


.20 


0. 


.94 


± 


0. 


12 


2, 


.70 (0, 


,54)E+10 


2, 


.67(0, 


.47)E+10 


3, 


.44 (0, 


.59) E 


+10 


3, 


.42(0. 


,53) E 


+10 


NGC 4548 


1, 


.94 


± 


0, 


.28 


1. 


.43 


± 


0. 


15 


4, 


.97(1, 


.29)E+10 


4, 


.95(1, 


.19)E+10 


5. 


.08(1, 


.31) E 


+10 


5, 


.06(1. 


,21) E 


+10 


NGC 4725 


0, 


.95 


± 


0, 


.16 


0. 


.84 


± 


0. 


11 


5, 


.08 (0, 


.96)E+10 


5, 


.06(0, 


.79)E+10 


5, 


.70(0, 


.99) E 


+10 


5, 


.68(0. 


,83) E 


+10 


NGC 7331 


1, 


.05 


± 


0, 


.24 


0. 


.90 


± 


0. 


15 


9, 


,50(2, 


.35)E+10 


9, 


.51 (1, 


.85)E+10 


1, 


.09(0, 


.24) E 


+11 


1, 


.09(0. 


,19) E 


+11 



Note. — Column (1) is the galaxy name; Column (2) is the V-band vVf/L (in solar units); Column (3) is the /-band 
A^/L (in solar units); Column (4) is the stellar mass (in solar units) derived from the V-band data; Column (5) is the 
stellar mass (in solar units) derived from the 7-band data; Column (6) is the total mass (in solar units) derived using the 
l^-band data; Column (7) is the total mass (in solar units) derived using the 7-band data 

''Not modeled: no V-band magnitude available from lSakai et al" 1 1 I2OOOI) 

''Excluded: the model age is less than 8 Gyr 



- 24 - 



Table 4. Evolutionary stellar population synthesis modelling for the Sakai galaxies from 

{V — H) constrained simulations 



Galaxy (M/Lv) (M/Lh) Mstars : ^ -^stars : H -Mtotal ^ -^total ■ ^ 



NGC 925 


0, 


,69 


± 


0, 


,12 


0, 


,47 


± 


0, 


,07 


6, 


,95(1, 


,58)E+09 


6, 


,52(1, 


,17)E+09 


1, 


,63(0, 


,30) E 


+10 


1, 


,59(0, 


,28) E 


+10 


NGC 1365 


2, 


,51 


± 


0, 


,49 


0, 


,88 


± 


0, 


11 


1, 


,99 (0, 


,55)E+11 


2, 


,19(0, 


,49)E+11 


2, 


,19(0, 


,58) E 


+11 


2, 


,39(0, 


,52) E 


+11 


NGC 1425 


1, 


,47 


± 


0, 


,31 


0, 


,70 


± 


0, 


,12 


5, 


,08(1, 


,13)E+10 


5, 


,56(1, 


,07)E+10 


5, 


,99(1, 


,16) E 


+10 


6, 


.46(1, 


,11) E 


+10 


NGC 2090 


1, 


,74 


± 


0, 


,36 


0, 


,74 


± 


0, 


,10 


2, 


,06 (0, 


,53)E+10 


2, 


,09(0, 


,35)E+10 


2, 


,69(0, 


,57) E 


+10 


2, 


.72 (0. 


,40) E 


+10 


NGC 2403=^ 


















































NGC 2541 


0, 


,69 


± 


0, 


,18 


0, 


,47 


± 


0, 


,09 


3, 


,03 (0, 


,84)E+09 


2, 


,77(0, 


,57)E+09 


1, 


,04(0, 


,22) E 


+10 


1, 


.02(0. 


,21) E 


+10 


NGC 3031=^ 


















































NGC 3198 


0, 


,67 


± 


0, 


,12 


0. 


,46 


± 


0. 


,07 


1, 


,26 (0, 


,25)E+10 


1, 


,69(0, 


,28)E+10 


2, 


,90(0, 


,50) E 


+10 


3, 


.33(0. 


,52) E 


+10 


NGC 3319 


0, 


,72 


± 


0, 


,15 


0. 


,49 


± 


0. 


,08 


5, 


,10(1, 


,23)E+09 


3, 


,44 (0. 


,70)E+09 


1, 


,07(0, 


,21) E 


+10 


9, 


.07(1. 


,82) E 


+09 


NGC 3351 


2, 


,22 


± 


0, 


,45 


0, 


,79 


± 


0, 


11 


3, 


,59 (0, 


,79)E+10 


3, 


,95(0, 


,63)E+10 


3, 


,79(0, 


,79) E 


+10 


4, 


.15(0. 


,64) E 


+10 


NGC 3368 


2, 


,80 


± 


0, 


,59 


0, 


,87 


± 


0, 


13 


8, 


,61 (2, 


,02)E+10 


0, 


,95(0, 


17)E+11 


8, 


,94(2, 


,03) E 


+10 


0, 


.98(0. 


,17) E 


+11 


NGC 3621 


1, 


,82 


± 


0, 


,36 


0, 


,76 


± 


0, 


11 


1, 


,94 (0, 


,43)E+10 


1, 


,96(0, 


,35)E+10 


3, 


,13(0, 


,58) E 


+10 


3, 


.15(0. 


,52) E 


+10 


NGC 3627 


1, 


,53 


± 


0, 


,34 


0, 


,66 


± 


0, 


14 


7, 


,34(2, 


,01)E+10 


7, 


,88(2, 


,06)E+10 


7, 


,49(2, 


,03) E 


+10 


8, 


.03(2. 


,07) E 


+10 


NGC 4414 


2, 


,65 


± 


0, 


,41 


0, 


,86 


± 


0, 


,07 


1, 


,07 (0, 


,20)E+11 


1, 


,16(0. 


,16)E+11 


1, 


,15(0, 


,20) E 


+11 


1, 


.25(0. 


,16) E 


+11 


NGC 4535 


0, 


,83 


± 


0, 


,14 


0, 


,46 


± 


0, 


,06 


2, 


,83 (0, 


,54)E+10 


2, 


,64 (0, 


,38)E+10 


3, 


,56(0, 


,58) E 


+10 


3, 


.38(0. 


,45) E 


+10 


NGC 4536 


1, 


,91 


± 


0, 


,37 


0, 


,76 


± 


0, 


11 


4, 


,63 (0, 


,98)E+10 


4, 


,69(0, 


,80)E+10 


5, 


,38(1, 


,02) E 


+10 


5, 


.43(0. 


,84) E 


+10 


NGC 4548*= 


















































NGC 4725 


1, 


,87 


± 


0, 


,32 


0, 


,74 


± 


0, 


10 


9, 


,99(1, 


,89)E+10 


1, 


,00(0, 


16)E+11 


1, 


,06(0, 


,19) E 


+11 


1, 


.06(0. 


,16) E 


+11 



NGC 7331^^ 



Note. — Column (1) is the galaxy name; Column (2) is the l^-band Ai/h (in solar units); Column (3) is the _ff-band 
jVf/L (in solar units); Column (4) is the stellar mass (in solar units) using the V-band data; Column (5) is the stellar 
mass (in solar units) using the i/-band data; Column (6) is the total mass (in solar units) derived using the V-band data; 
Column (7) is the total mass (in solar units) derived using the //-band data 

''Not modeled: no V^-band magnitude available from lSakai et al" 1 1 I2OOOI) 

'^Not modeled: no //-band magnitude is available from lSakai et all ||2000|) 



"^Unable to model: no model color exists as red as the observed given the metallicity 
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Table 5. Derived baryon masses of the Sakai galaxies 



Galaxy 


log 


W20 






gas 






M 


stars 






M 


total 




Og Sstars 


log Stotal 


NGC 925 


2 


42 


± 





05 


1 


38 


± 





40 


6 


77 


(0 


85) 


E 


+09 


1 


63 


(0 


16) 


E 


+10 


1 


86 


2 


25 


NGC 1365 


2 


68 


± 





04 





12 


± 





04 


1 


64 


(0 


20) 


E 


+11 


1 


85 


(0 


22) 


E 


+11 


2 


51 


2 


57 


NGC 1425 


2 


62 


± 





04 





18 


± 





05 


5 


16 


(0 


60) 


E 


+10 


6 


06 


(0 


62) 


E 


+10 


2 


40 


2 


47 


NGC 2090 


2 


50 


± 





04 





32 


± 





09 


1 


98 


(0 


21) 


E 


+10 


2 


60 


(0 


24) 


E 


+10 


2 


05 


2 


17 


NGC 2403=' 






















































NGC 2541 


2 


37 


± 





05 


2 


73 


± 





75 


2 


71 


(0 


26) 


E 


+09 


1 


02 


(0 


10) 


E 


+10 


1 


48 


2 


06 


NGC aosi'' 






















































NGC 3198 


2 


53 


± 





03 


1 


18 


± 





32 


1 


39 


(0 


12) 


E 


+10 


3 


05 


(0 


25) 


E 


+10 


2 


29 


2 


63 


NGC 3319 


2 


41 


± 





05 


1 


46 


± 





89 


3 


84 


(0 


61) 


E 


+09 


9 


77 


(1 


39) 


E 


+09 


1 


45 


1 


85 


NGC 3351 


2 


59 


± 





05 





06 


± 





02 


3 


38 


(0 


38) 


E 


+10 


3 


57 


(0 


38) 


E 


+10 


2 


80 


2 


83 


NGC 3368 


2 


67 


± 





04 





06 


± 





02 


5 


61 


(0 


97) 


E 


+10 


5 


95 


(0 


98) 


E 


+10 


2 


91 


2 


93 


NGC 3621 


2 


50 


± 





04 





78 


± 





23 


1 


52 


(0 


21) 


E 


+10 


2 


73 


(0 


26) 


E 


+10 


2 


74 


2 


99 


NGC 3627 


2 


63 


± 





03 





03 


± 





01 


5 


46 


(0 


70) 


E 


+10 


5 


61 


(0 


71) 


E 


+10 


2 


93 


2 


94 


NGC 4414 


2 


74 


± 





04 





10 


± 





03 


7 


90 


(1 


27) 


E 


+10 


8 


76 


(1 


28) 


E 


+10 


3 


07 


3 


11 


NGC 4535 


2 


59 


± 





04 





25 


± 





07 


2 


93 


(0 


24) 


E 


+10 


3 


69 


(0 


27) 


E 


+10 


2 


40 


2 


50 


NGC 4536 


2 


56 


± 





03 





23 


± 





07 


3 


17 


(0 


49) 


E 


+10 


3 


96 


(0 


51) 


E 


+10 


2 


38 


2 


48 


NGC 4548 


2 


62 


± 





05 





02 


± 





01 


4 


96 


(0 


88) 


E 


+10 


5 


07 


(0 


89) 


E 


+10 


2 


92 


2 


93 


NGC 4725 


2 


67 


± 





03 





10 


± 





03 


6 


05 


(1 


14) 


E 


+10 


6 


71 


(1 


16) 


E 


+10 


2 


52 


2 


57 


NGC 7331 


2 


75 


± 





02 





15 


± 





05 


9 


51 


(1 


45) 


E 


+10 


1 


09 


(0 


15) 


E 


+11 


2 


66 


2 


72 



^Not modeled: no V-band magnitude available from lSakai et al" I l l2000h 



Note. — Column (1) is the galaxy name; Column (2) is the inclination corrected W20 (in kms~^); Column 
(3) is the gas-to-stars ratio (A^gas/A4stars); Column (4) is the stellar mass (in solar units); Column (5) is 
the gas plus stellar mass (in solar units); Column (6) is the mean stellar mass surface density (in Mq pc~^); 
Column (7) is the mean baryon mass surface density (in A4q pc~^) 
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Table 6. Optical and near-IR surface photometry for the Hi sample 



GalsLxy 


IJ-H 






hy 


HIPASS J1112-86 


19. 


,33 


9.99 


20, 


.60 


5.98 


HIPASS J0554-71 


19, 


,00 


5.43 


21, 


,76 


5.65 


HIPASS J1934-67 


19, 


,02 


11.26 


20, 


,86 


10.43 


AM 0433-654 


21, 


,48 


18.54 


23, 


,18 


13.40 


IC 5028 


20, 


,07 


13.78 


22, 


,18 


16.55 


IC 5008 


18, 


,51 


6.27 


21, 


,23 


10.09 


ESO 383- G 092 


17, 


,33 


4.53 


19, 


,12 


4.66 


ESQ 318- G 013 


19, 


,96 


28.71 


21, 


,32 


21.22 


HIPASS J1801-72=- 


16, 


,28 


3.25 


18, 


,87 


3.94 


ESO 148- G 006 


19, 


,58 


12.03 


21, 


,66 


12.36 


ESO 084- G 040 


19, 


,07 


11.53 


20, 


,59 


10.77 


HIPASS J1424-16b 


19. 


,66 


15.12 


21, 


,98 


14.35 


HIPASS J0736-74 


18. 


,60 


6.58 


20, 


,04 


5.85 


ESO 085- G 088 


20, 


,72 


49.03 


22, 


,57 


38.57 


SGC 0454.2-6138 


20, 


,30 


11.59 


22, 


,34 


13.51 


ESO 052- G 010 


19, 


,60 


8.14 


21, 


,21 


7.77 


ESO 321- G 014 


20, 


,49 


25.72 


20, 


,97 


11.81 


HIPASS J0653-73 


20, 


,43 


12.67 


22, 


,73 


12.51 


ESO 140- G 019 


20. 


,68 


14.17 


23, 


,07 


18.78 


HIPASS J0039-76 


18. 


,07 


5.40 


20, 


,23 


6.18 



Note. — Column (1) is the galaxy name; Column 
(2) is if-band disk central surface brightness (in mag 

arcscc"^); Column (3) is the Jf-band scale length (in 
arcsec); Column (4) is the V-band disk central surface 
brightness (in mag arcsec"^); Column (5) is the 1^-band 
scalelength (in arcsec) 

'^This galaxy appears to have a double exponential 
disk in the V-band 
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Table 7. Photometric quantities of the H i selected sample 



Galaxy 


Incl. 


V 


H 


V-H 


V-H 




V-H 


HIPASS J1112-86 


34.2 


15.19 ±0.07 


12.77 ±0.11 


1.97 


2. 


.06 


2, 


.02 ±0.08 


HIPASS J0554-71 


37.4 


16.42 ± 0.09 


13.98 ±0.13 


2.77 


2, 


.85 


2, 


.81 ±0.11 


HIPASS J1934.67 


53.3 


14.42 ± 0.06 


12.40 ± 0.06 


1.99 


1, 


.99 


1, 


.99 ± 0.07 


AM 0433-654 


42.9 


15.97 ± 0.07 


13.43 ±0.10 


2.18 


2, 


.24 


2, 


.21 ±0.03 


IC 5028 


54.6 


14.71 ±0.08 


13.01 ±0.09 


1.85 


1, 


.87 


1, 


.86 ±0.10 


IC5008 


72.7 


15.05 ±0.05 


13.35 ±0.07 


2.15 


2, 


.13 


2, 


.14 ±0.06 


ESO 383- G 092 


44.4 


14.42 ± 0.03 


12.79 ±0.05 


1.60 


1, 


.60 


1, 


.60 ±0.06 


ESQ 318- G 013 


71.3 


14.16 ±0.09 


12.32 ±0.12 


1.51 


1 


.55 


1 


.53 ±0.06 


HIPASS J1801-72 


49.5 


14.37 ± 0.02 


12.16 ±0.05 


2.41 


2, 


.45 


2, 


.43 ±0.11 


ESO 148- G 006 


64.6 


15.02 ± 0.08 


12.99 ± 0.09 


2.13 


2, 


.13 


2, 


.13 ±0.20 


ESO 084- G 040 


48.1 


14.38 ±0.21 


12.49 ± 0.06 


1.65 


1, 


.72 


1, 


.69 ± 0.09 


HIPASS J1424-16b 


47.0 


14.24 ±0.19 


12.28 ±0.10 


2.39 


2, 


.39 


2, 


.39 ± 0.09 


HIPASS J0736-74 


51.8 


15.02 ±0.06 


13.26 ±0.06 


1.56 


1, 


.58 


1, 


.57 ±0.19 


ESO 085- G 088 


54.0 


13.89 ±0.19 


11.69 ±0.26 


1.95 


2, 


.08 


2, 


.02 ±0.07 


SGC 0454.2-6138 


56.2 


15.81 ±0.12 


13.99 ±0.11 


1.78 


1, 


.78 


1, 


.78 ±0.07 


ESO 052- G 010 


49.5 


15.37 ±0.04 


13.72 ±0.06 


1.70 


1, 


.70 


1, 


.70 ± 0.09 


ESO 321- G 014 


68.0 


14.96 ± 0.06 


12.65 ±0.13 


1.84 


1, 


.83 


1, 


.84 ± 0.08 


HIPASS J0653-73 


59.8 


16.39 ±0.10 


13.87 ±0.10 


2.24 


2, 


.28 


2, 


.26 ±0.06 


ESO 140- G 019 


56.9 


15.77 ±0.16 


13.83 ±0.13 


2.10 


2, 


.14 


2, 


.12 ±0.08 


HIPASS J0039-76 


53.9 


14.67 ± 0.05 


12.86 ± 0.07 


1.83 


1, 


.83 


1, 


.83 ± 0.08 



Note. — Column (1) is the galaxy name; Column (2) is the inclination (in degrees) derived 
with a g of 0.2; Column (3) is the V-band magnitude; Column (4) is the //-band magnitude; 
Column (5) is the color at the V-band half-light radius; Column (6) is the color at the //-band 
half-light radius; Column (7) is the adopted color from the mean of Columns (5) and (6) 
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Table 8. Hi quantities from our narrow-band observations of the Hi sample 



Gal. 


HI Flux (Jykms-^^) 


Vhel.(kms ^) 


logW2o(kms ^) 


logW2o(kms ^) 


HIPASS J1112-86 


3.5 


2187 


1.86 


2.11 ±0.04 


HIPASS J0554.71 


3.6 


1482 


1.90 


2.11 ±0.04 


HIPASS ,11934-67 


3.6 


4123 


2.27 


2.37 ±0.05 


AM 0433-654 


1.7 


1229 


1.65 


1.82 ±0.12 


IC 5028 


9.7 


1619 


2.10 


2.19 ±0.05 


IC 5008 


4.3 


3714 


2.26 


2.28 ± 0.05 


ESO 383- G 092 


5.9 


1410 


1.86 


2.02 ± 0.07 


ESQ 318- G 013 


9.5 


714 


1.87 


1.89 ± 0.04 


HIPASS J1801-72 


6.0 


3284 


2.35 


2.47 ± 0.02 


ESO 148- G 006 


6.5 


3167 


2.24 


2.28 ±0.05 


ESO 084- G 040 


6.6 


1235 


1.95 


2.08 ±0.07 


HIPASS J1424-16b 


13.1 


1487 


1.93 


2.08 ± 0.06 


HIPASS J0736-74 


2.2 


1148 


1.79 


1.89 ± 0.09 


ESO 085- G 088 


4.4 


1171 


1.81 


1.91 ±0.05 


SGC 0454.2-6138 


2.1 


972 


1.79 


1.87 ± 0.09 


ESO 052- G 010 


3.8 


1387 


2.00 


2.11 ±0.05 


ESO 321- G 014 


5.3 


612 


1.61 


1.65 ±0.14 


HIPASS J0653-73 


3.5 


1205 


1.99 


2.05 ± 0.05 


ESO 140- G 019 


4.2 


954 


1.87 


1.95 ± 0.07 


HIPASS J0039-76 


3.8 


1754 


1.97 


2.06 ± 0.02 



Note. — Column (1) is the galaxy name; Golumn (2) is the integrated H I flux; Golumn (3) is the measured 
heliocentric velocity; Golumn (4) is the observed W20 measurement (not corrected for inclination); Column (5) 

is the W20 measurement (corrected for inclination) 

The error in the HI flux values are 15% determined by comparing our values with the independent HIPASS 
values. Vheiio. errors axe ~ 5 km and the errors of our W20 corrected values are between 5 and 20 km 
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Table 9. Derived quantities of the H i selected sample 



Galaxy 


dist. 










Mv 






Mh 




[Fe/H] 






h 


HIPASS J1112-86 


29.09 ± 4.36 


9 


79 


(3 


53) E+08 


-17 


13 ±0 


33 


-19 


55 ±0 


34 


-0.86 ±0 


09 


1 


13 


HIPASS J0554-71 


19.75 ± 2.96 


4 


64 


(1 


67) E+08 


-15 


06 ±0 


34 


-17 


50 ±0 


35 


-1.21 ±0 


07 





53 


HIPASS J1934-67 


55.20 ± 8.28 


3 


62 


(1 


31) E+09 


-19 


29 ±0 


33 


-21 


31 ±0 


33 


-0.48 ± 


12 


2 


90 


AM 0433-654 


16.60 ± 2.49 


1 


55 


(0 


56) E+08 


-15 


13 ±0 


33 


-17 


67 ±0 


34 


-1.20 ±0 


07 


1 


29 


IC5028 


20.90 ±3.14 


1 


40 


(0 


50) E+09 


-16 


90 ±0 


34 


-18 


59 + 


34 


-0.90 + 


08 


1 


54 


IC 5008 


50.02 ± 7.50 


3 


55 


(1 


28) E+09 


-18 


45 ±0 


33 


-20 


25 ±0 


34 


-0.63 + 


11 


1 


98 


ESO 383- G 092 


19.15 ±2.87 


7 


15 


(2 


14) E+08 


-16 


99 ±0 


33 


-18 


62 ±0 


33 


-0.88 ±0 


08 





43 


ESO318-G013 


7.48 ±1.12 


1 


75 


(0 


63) E+08 


-15 


21 ±0 


34 


-17 


05 ±0 


35 


-1.18 ±0 


07 





90 


HIPASS J1801-72 a 


44.25 ± 6.64 


3 


88 


(1 


40) E+09 


-18 


86 ±0 


33 


-21 


07 ±0 


33 


-0.56 ±0 


12 





77 


ESO 148- G 006 


42.95 ± 6.44 


3 


96 


(1 


43) E+09 


-18 


15 ±0 


34 


-20 


18 ±0 


34 


-0.68 ± 


10 


2 


54 


ESO 084- G 040 


16.74 ±2.51 


6 


11 


(2 


20) E+08 


-16 


74 ±0 


39 


-18 


63 ±0 


33 


-0.92 ±0 


09 





90 


HIPASS J1424-16b 


22.90 ± 3.43 


2 


27 


(0 


82) E+09 


-17 


56 + 


38 


-19 


52 ±0 


34 


-0.78 ±0 


10 


1 


64 


HIPASS J0736-74 


14.60 ±2.19 


1 


55 


(0 


59) E+08 


-15 


80 ±0 


33 


-17 


56 ±0 


33 


-1.08 ±0 


07 





44 


ESO 085- G 088 


15.66 ± 2.35 


3 


56 


(1 


28) E+08 


-17 


08 ±0 


38 


-19 


28 ±0 


42 


-0.86 ±0 


09 


3 


32 


SGC 0454.2-6138 


12.93 ± 1.94 


1 


16 


(0 


42) E+08 


-14 


75 ±0 


35 


-16 


56 ±0 


34 


-1.26 ±0 


07 





79 


ESO 052- G 010 


18.74 ±2.81 


4 


41 


(1 


59) E+08 


-15 


99 ±0 


33 


-17 


65 ±0 


33 


-1.05 ±0 


07 





72 


ESO 321- G 014 


3.19 ±0.48 


1 


78 


(0 


64) E+07 


-12 


55 ±0 


33 


-14 


87 ±0 


35 


-1.64 ±0 


10 





29 


HIPASS J0653-73 


15.53 ± 2.33 


2 


79 


(1 


01) E+08 


-14 


56 + 


34 


-17 


09 ±0 


34 


-1.30 ±0 


07 





95 


ESO 140- G 019 


11.64 ± 1.75 


1 


88 


(0 


68) E+08 


-14 


56 + 


36 


-16 


50 ±0 


35 


-1.30 ±0 


08 





93 


HIPASS J0039-76 


23.47 ±3.52 


6 


91 


(2 


49) E+08 


-17 


19 ±0 


33 


-18 


99 ±0 


33 


-0.85 ±0 


09 





66 



Note. — Column (1) is the galaxy name; Column (2) is the adopted distance (in Mpc); Column (3) is the 
gas mass (in solar units); Column (4) is the absolute V-band magnitude; Column (5) is the absolute //-band 
magnitude; Column (6) is the calculated metallicity; Column (7) is the calculated mean scalelength (in kpc) of the 
H and V-hand exponential disks 

^Appears to be a double exponential disk, using inner disk for scalelength calculation 
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Table 10. Evolutionary stellar population synthesis for the Hi galaxies from {V — H) 

constrained simulations 



Galaxy 


(M/Lv 


) 


(M/L 


■H 


-) 




stars 


■.V 




stars 


:H 




Mt 


otal 


:V 




A^tota 


l:H 


HIPASS J1112-86 


1, 


.03 


±0, 


,22 


0, 


,62 


± 


0, 


,09 


6, 


.75(2, 


.53) 


E 


-t-08 


9, 


,71(3, 


,39) 


E 


+08 


1, 


,65(0, 


,55) 


E 


+09 


1, 


,95(0, 


,64) 


E 


+09 


HIPASS J0554-71^ 




























































HIPASS J1934-67 


0, 


.76 


±0, 


,13 


0, 


.46 


± 


0, 


,06 


3 


.66(1 


.27) 


E 


-1-09 


3, 


,60(1, 


,19) 


E 


+09 


7, 


,29(2, 


,39) 


E 


+09 


7, 


,23(2, 


,34) 


E 


+09 


AM 0433-654 


1, 


.75 


±0, 


,39 


0, 


.95 


± 


0, 


,18 


1, 


.82(0, 


.69) 


E 


-1-08 


2, 


,61(0, 


,95) 


E 


+08 


3, 


,37(1, 


,14) 


E 


+08 


4, 


,16(1, 


,40) 


E 


+08 


IC 5028 


0. 


.82 


±0, 


,19 


0, 


,55 


± 


0, 


,09 


4, 


.32(1, 


.68) 


E 


+08 


3, 


,52(1, 


,23) 


E 


+08 


1, 


,83(0, 


,63) 


E 


+09 


1, 


,75(0, 


,60) 


E 


+09 


IC 5008 


1, 


.08 


±0, 


,23 


0, 


,59 


± 


0, 


,09 


2, 


.38(0, 


.88) 


E 


+09 


1, 


,75(0, 


,60) 


E 


+09 


5, 


,93(1, 


,99) 


E 


+09 


5, 


,30(1, 


,77) 


E 


+09 


ESO 383- G 092'' 




























































ESO318-G013 


0, 


.58 


±0, 


,04 


0, 


,49 


± 


0, 


,02 


6, 


.52(2, 


.08) 


E 


+07 


7, 


,65(2, 


,47) 


E 


+07 


2, 


,41(0, 


,81) 


E 


+08 


2, 


,52(0, 


,84) 


E 


+08 


HIPASS J1801-72 


1. 


.86 


±0, 


,31 


0, 


,78 


± 


0, 


,10 


6, 


.01(2, 


.07) 


E 


+09 


4, 


,94(1, 


,64) 


E 


+09 


9, 


,90(3, 


,23) 


E 


+09 


8, 


,83(2, 


,85) 


E 


+09 


ESO 148- G 006 


1. 


.13 


±0. 


,30 


0, 


,61 


± 


0, 


,11 


1, 


.89(0, 


.77) 


E 


+09 


1, 


,70(0, 


,62) 


E 


+09 


5, 


,85(2, 


,00) 


E 


+09 


5, 


,66(1, 


,91) 


E 


+09 


ESO 084- G 040 


0, 


.83 


±0. 


,25 


0, 


,55 


± 


0, 


,11 


3 


.76(1, 


.75) 


E 


+08 


3, 


,66(1, 


,33) 


E 


+08 


9, 


,87(3, 


,47) 


E 


+08 


9, 


,77(3, 


,26) 


E 


+08 


HIPASS J1424-16b 


1, 


,82 


±0, 


,33 


0, 


,85 


± 


0, 


,13 


1, 


.77(0, 


.69) 


E 


+09 


1, 


,30(0, 


,45) 


E 


+09 


4, 


,04(1, 


,37) 


E 


+09 


3, 


,57(1, 


,18) 


E 


+09 


HIPASS J0736-74 


0, 


,61 


±0, 


11 


0, 


,49 




0, 


,06 


1, 


.18(0, 


.42) 


E 


+08 


1, 


,22(0, 


,40) 


E 


+08 


2, 


,73(0, 


,90) 


E 


+08 


2, 


,77(0, 


,90) 


E 


+08 


ESO 085- G 088 


1, 


,05 


±0, 


,34 


0, 


,62 


± 


0, 


,13 


6, 


.58(3, 


.11) 


E 


+08 


7, 


,59(3, 


,32) 


E 


+08 


1, 


,01(0, 


,39) 


E 


+09 


1, 


,12(0, 


,42) 


E 


+09 


SGC 0454.2-6138 


0, 


,86 


±0, 


,18 


0, 


,64 


± 


0, 


,09 


6, 


.24(2, 


.39) 


E 


+07 


6, 


,35(2, 


,20) 


E 


+07 


1, 


,78(0, 


,60) 


E 


+08 


1, 


,79(0, 


,60) 


E 


+08 


ESO 052- G 010 


0, 


,62 


±0, 


,08 


0, 


,48 


± 


0, 


,05 


1, 


.42(0, 


.47) 


E 


+08 


1, 


,29(0, 


,42) 


E 


+08 


5, 


,83(1, 


,97) 


E 


+08 


5, 


,71(1, 


,93) 


E 


+08 


ESO 321- G 014 


1, 


,27 


±0, 


,27 


0, 


,94 


± 


0, 


,15 


1, 


.23(0, 


.46) 


E 


+07 


1, 


,96(0, 


,70) 


E 


+07 


3, 


,02(1, 


,01) 


E 


+07 


3, 


,74(1, 


,24) 


E 


+07 


HIPASS J0653-73 


1, 


,51 


±0, 


,08 


0, 


,89 


± 


0, 


,04 


9, 


.31(2, 


.97) 


E 


+07 


1, 


,43(0, 


,45) 


E 


+08 


3, 


,72(1, 


,25) 


E 


+08 


4, 


,22(1, 


,39) 


E 


+08 


ESO 140- G 019 


1, 


,73 


±0, 


,27 


1, 


,01 


± 


0, 


,14 


1, 


.07(0, 


.40) 


E 


+08 


9, 


,51(3, 


,35) 


E 


+07 


2, 


,95(0, 


,99) 


E 


+08 


2, 


,83(0, 


,95) 


E 


+08 


HIPASS J0039-76 


0, 


,69 


±0, 


,13 


0, 


,48 


± 


0, 


,06 


4, 


.79(1, 


.70) 


E 


+08 


4, 


,51(1, 


,51) 


E 


+08 


1, 


,17(0, 


,39) 


E 


+09 


1, 


,14(0, 


,38) 


E 


+09 



Note. — Column (1) is the galaxy name; Column (2) is the V-band Ai/L (in solar units); Column (3) is the H-band Ai/L 
(in solar units); Column (4) is the mass of stars (in solar units) using the stellar V-band data; Column (5) is the mass of the 
stars (in solar units) using the i?-band data; Column (6) is the V-band stellar plus gas mass (in solar units); Column (7) is the 
if-band stellar plus gas mass (in solar units) 

''Unable to model because no model (V — H) exists as red as the observed given the input metallicity and color 

''Ages younger than 8 Gyr 
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Table 11. Derived baryon masses for the Hi selected sample 



Galaxy 


log W20 




J^gas 




AWstars 




A^total 


log Sstars 


log Stotal 


HIPASS J1112-86 


2 


11 


(0.04) 


1 


25 


(0.69) 


7 


81 


(2.03) E-l-08 


1 


78 


(0.42) E-l-09 


1 


99 


2.35 


HIPASS J0554-71'' 
































HIPASS J1934-67 


2 


37 


(0.05) 


1 


00 


(0.60) 


3 


63 


(0.87) E-l-09 


7 


26 


(1.67) E-l-09 


1 


84 


2.14 


AM 0433-654 


1 


82 


(0.12) 





74 


(0.56) 


2 


09 


(0.56) E-l-08 


3 


68 


(0.88) E-l-08 


1 


30 


1.55 


IC 5028 


2 


19 


(0.05) 


3 


68 


(1.32) 


3 


80 


(0.99) E+08 


1 


79 


(0.43) E-l-09 


1 


41 


2.08 


IC 5008 


2 


28 


(0.05) 


1 


83 


(0.82) 


1 


95 


(0.50) E-f09 


5 


58 


(1.32) E+09 


1 


90 


2.35 


ESO 383- G 092'> 
































ESQ 318- G 013 


1 


89 


(0.04) 


2 


51 


(0.93) 


6 


99 


(1.59) E+07 


2 


46 


(0.58) E-f 08 


1 


13 


1.68 


HIPASS J1801-72<: 


2 


47 


(0.02) 





72 


(0.53) 


5 


36 


(1.28) E-l-09 


9 


29 


(2.14) E-l-09 


3 


16 


3.40 


ESO 148- G 006 


2 


28 


(0.05) 


2 


23 


(0.97) 


1 


77 


(0.48) E-l-09 


5 


75 


(1.38) E-l-09 


1 


64 


2.15 


ESO 084- G 040 


2 


08 


(0.07) 


1 


66 


(0.84) 


3 


69 


(1.06) E-l-08 


9 


82 


(2.38) E-l-08 


1 


86 


2.28 


HIPASS J1424-16b 


2 


08 


(0.06) 


1 


58 


(0.77) 


1 


44 


(0.38) E-l-09 


3 


77 


(0.90) E-l-09 


1 


93 


2.35 


HIPASS J0736-74 


1 


89 


(0.09) 


1 


29 


(0.67) 


1 


20 


(0.29) E-f08 


2 


75 


(0.64) E-f08 


1 


99 


2.35 


ESO 085- G 088 


1 


91 


(0.05) 





51 


(0.52) 


7 


05 


(2.27) E-l-08 


1 


06 


(0.29) E-l-09 


1 


01 


1.18 


SGC 0454.2-6138 


1 


87 


(0.09) 


1 


84 


(0.83) 


6 


30 


(1.62)E-|-07 


1 


79 


(0.42) E-l-08 


1 


21 


1.66 


ESO 052- G 010 


2 


11 


(0.05) 


3 


27 


(1.12) 


1 


35 


(0.31) E-l-08 


5 


77 


(1.38) E-l-08 


1 


61 


2.24 


ESO 321- G 014 


1 


65 


(0.14) 


1 


23 


(0.69) 


1 


45 


(0.39) E-l-07 


3 


31 


(0.78) E-l-07 


1 


44 


1.80 


HIPASS J0653-73 


2 


05 


(0.05) 


2 


58 


(0.95) 


1 


08 


(0.25) E-l-08 


3 


95 


(0.93) E-l-08 


1 


28 


1.84 


ESO 140- G 019 


1 


95 


(0.07) 


1 


88 


(0.84) 


1 


00 


(0.26) E-l-08 


2 


89 


(0.68) E-l-08 


1 


26 


1.73 


HIPASS J0039-76 


2 


06 


(0.02) 


1 


49 


(0.72) 


4 


63 


(1.13) E-l-08 


1 


16 


(0.27) E-l-09 


2 


23 


2.63 



" and ^ same as in Tab. 1101 



Note. — Column (1) is the galaxy name; Column (2) is the inclination corrected W20 (in kms~^); Column (3) is 
the gas-to-stars ratio (Algas/A^stars); Column (4) is the stellar mass (in solar units); Column (5) is the gas plus 
stellar mass (in solar units); Column (6) is the mean stellar mass surface density (in Mq Mpc~^); Column (7) is 
the mean baryon mass surface density (in Mq Mpc~^) 

'^Appears to be a double exponential disk, using inner disk in mean baryon mass surface density calculation 
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Table 12. Parameters of the bivariate weighted fits ( iPress et aL Ill992l ) for the TF/BTF 
relations with stellar Ai/L values calculated from po pulation synthesi s mod elling and by 
using M./L values in braces, adopted from lMcGaugh et al.l (120001 ). 



Sample 


TF slope 


BTF slope 


TF inter. 


BTF inter. 


HI & Sakai 
HI 

Sakai 


3.8(3.8) ±0.1 (0.1) 
3.4(3.2) ±0.3 (0.3) 
4.3(4.0) ±0.4 (0.5) 


3.2 (3.3) ±0.1 (0.1) 
3.0(3.0) ±0.2 (0.3) 
3.1(3.2) ±0.3 (0.3) 


0.6(1.0) ±0.3(0.3) 
1.5(2.2) ±0.5(0.6) 
-0.6(0.3) ± 1.0(1.2) 


2.5 (2.4) ±0.3 (0.3) 
2.8(2.9) ±0.5(0.6) 
2.6(2.6) ±0.8(0.9) 



Note. — Reduced Chi squared (x^ed) values for respective TF & BTF bivariate weighted fits: 
1.8 (1.4) & 1.3 (1.2) , 2.5 (2.0) & 1.7 (1.5) , 0.9 (0.7) & 0.9 (1.0) 



Table 13. mean baryon mass surface density (Sf,) values for different disk scalings. 



7 


1.0 


1.5 


2.0 




1.68 


2.04 


2.33 


St 


1.00 


0.68 


0.52 




0.00 


-0.17 


-0.28 



Note. — 7 values, defined as 
Re is the half light ra- 
dius,: Increasing the /ijjj scale- 
length for the dwarfs yields a 
logSf, vs log 14^20 slope of ~ 1.3 
which goes in the right sense to 
flatten the BTFR 
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Fig. 1. — Adapted L-Z data for local group dwarf galaxies from Mateo 98. The weighted 
bivariate fit (solid line) shown is used to interpolate this relation for our galaxies. 
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Fig. 2. — M-jL vs color for the Sakai (yellow squares) and Hi (red circle s) samples with 
proba bility density of the Scaled Salpeter models (contours), from table 3 of iBell fc de Jong 
( I2OOII ). constrained with our {V — H) and {V — I) colors 
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1.6 1.8 2.0 2.2 2.4 2.6 2.8 1.6 1.8 2.0 2.2 2.4 2.6 2.8 

log W^^ (km/s) 

Fig. 3. — TF (left panel) and BTF (right panel) relations for the t wo samples of disk galax ies. 
Stellar masses (left panel) are sh own with M. /L val ues taken from lMcGaugh et al.l (120001 ) for 
the H I selected (red circles) , and ISakai et al.l (|2000[ ) (yellow squar es) with weighted bivariate 
fits (solid line). Weighted bivariate fits for the union of the H i and lSakai et al.l (120001 ) galaxies 
are also shown (broken line). 



-se- 



ll - 



10 - 



© - 



C/5 



9- 



8 



7- 



-I-' I " ' I " ' I " ' I 






- / 
-/ 



- * 



■■■■■■■■■■■■■■■■■■■■■■■■I 



I " ' I " ' 1/ ". 
o / 



* 





— / 
-- / 





■■■■■■■■■■■■■■■■■■■■■■■■I 



1.6 1.8 2.0 2.2 2.4 2.6 2.8 1.6 1.8 2.0 2.2 2.4 2.6 2.8 

log (km/s) 

Fig. 4. — Same as Figure HI b ut with stellar M./L value s calculated from the simple stellar 
population synthesis models of lBruzual &: CharlotI ( 120031 ) with weighted bivariate fits (broken 
line). 
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Fig. 6. — Mean baryon mas s surface density v s W20 for the two samples of disk galaxies: 
Hi selected (red circles) and ISakai et al.l ( I2OOOI ) (yellow squares). A line with slope ~ 1 is 
shown, for comparison. 



